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(54) A surface discharge plasma display panel and a manufacturing method therefor 



(57) A method for manufacturing a surface dis- 
charge plasma display panel having paired front and 
rear substrates (11 ,21 ) and a discharge space (30) ther- 
ebetween, a plurality of paired display/ electrodes (X,Y) 
extending along each of a plurality ot display lines (L) 
which are formed on the internal surface of the front sub- 
strate (11 ), and phosphors (28) provided on the internal 
surface of the rear substrate (21). The method compris- 
es steps of: forming the display electrodes (X,Y) on the 
internal surface of the front substrate (11), and forming 
a light shielding film (45) in bands extending along the 
display line direction and having a darker color than the 
phosphors (28), on the internal surface of the front sub- 
strate (11 ) so as to overlap each area between the ad- 
jacent display lines (L) and which bands are located be- 
tween the display electrodes (X,Y). A dielectric layer 
having a first thickness is then formed on the internal 
surface of the front substrate (11) to cover the display 
electrodes (X, Y) and the light shielding film (45), and is 
annealed. A further dielectric layer having a second 
thickness larger than the first thickness is then coated 
on said dielectric layer and annealed. The two dielectric 



layers together provide a composite dielectric layer (17). 
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Description 

[0001 J The present invention relates to a surface dis- 
charge plasma display panel (hereinafter referred to as 
a surface discharge PDP) having a matrix display form, 
and a method for manufacturing such a plasma display 
panel. 

[0002] The surface discharge PDPs are PDPs where- 
in paired display electrodes defining a primary dis- 
charge cell are located adjacent to each other on a sin- 
gle substrate. Since such PDPs can serve adequately 
as color displays by using phosphors, they are widely 
used as thin picture display devices for television. And 
since, in addition, PDPs are the displays that are the 
most likely to be used as large screen display devices 
for high-vision pictures, there is, under these circum- 
stances, a demand for PDPs for which the quality of their 
displays has been improved by increasing resolution 
and screen size, and by enhancing contrast. 
[0003] Fig. 1 4 is a cross sectional view of the internal 
structure of a conventional PDP 90. A PDP 90 is a sur- 
face discharge PDP having a three-electrode structure 
and a matrix display form, and is categorized as a re- 
flection PDP according to the form of its phosphors ar- 
rangements. 

[0004] On the front of a PDP 90, on an internal surlace 
of a glass substrate 11 , paired display electrodes X and 
Y are positioned parallel to each other and arranged for 
each line of a matrix display so that they cause a surface 
discharge along the surface of the glass substrate 11 . A 
dielectric layer 1 7, for AC driving, is formed to cover the 
paired display electrodes X and Y and separate them 
from a discharge space 30. A protective film 1 8 is formed 
on the surface of the dielectric layer 17 by evaporation. 
The dielectric layer 17 and the protective flm 18 are 
transparent. 

[0005] Each of the display electrodes X and Y com- 
prises a wide, linear transparent electrode 41, formed 
of an ITO thin film, and a narrow, linear bus electrode 
42, formed of a thin metal film (Cr/Cu/Cr). The bus elec- 
trode 42 is an auxiliary electrode used to acquire an ap-. 
propriate conductivity, and is located at the edge of the 
transparent electrode 41, away from the plane dis- 
charge gap. With such an electrode structure, the block- 
ing ol display light can be reduced tothe minimum, while 
the su rf ace discharge area can be expanded to increase 
the light emission efficiency. 

[0006] ' At the rear, an address electrode A is provided 
on the internal surlace of a glass substrate 21 so that it 
intersects at a right angle the paired display electrodes 
X and Y. A phosphors layer 28 is formed on and covers 
the glass substrate 21 , including the upper portion of the 
address electrode A. A counter discharge between the 
address electrode A and the display electrode Y controls 
a condition wherein wall charges are accumulated in the 
dielectric layer 17. When the phosphors layer 28 is par- 
tially excited by an ultraviolet ray UV that occurs as a 
result of a surface discharge, it produces visible light 
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emissions having predetermined colors. The visible light 
emissions that are transmitted through the glass sub- 
strate 11 constitute the display light. 
[0007] A gap St between paired display electrodes X 
s and Y arranged in a line is called a "discharge slit,' and 
the width w1 of the discharge slit Si (the width in the 
direction in which the paired display electrodes X and Y 
are arranged opposite each other) is so selected that a 
surface discharge occurs with a drive voltage of 1.00 to 

io 200 V applied to the display electrodes. A gap S2 be- 
tween a line of paired electrodes X and Y and an adja- 
cent line is called a "reverse slit," and has a width w2 
greater than the width w1 of the discharge slit S1 ; that 
is sufficient to prevent a discharge between the display 

75 electrodes X and Y that are arranged on opposite sides 
of the reverse slit S2. Since paired display electrodes X 
and Y are arranged in a line with a discharge slit Si be- 
tween them, and a line is separated from another line 
by reverse slits S2, each of the lines can be rendered 

20 luminous selectively. Therefore, portions of the display 
screen that correspond to the reverse slits S2 are non- 
luminous areas or non-display areas, and the portions 
that correspond to the display slits S1 are luminous ar- 
eas or display areas. 

25 [0008] From the front of a conventional panel struc- 
ture, a phosphors layer 28 in the non-luminescent state 
is visible through the reverse slits S2. And the phos- 
phors layer 28 in the non-luminescent state has a white 
or light gray color. Therefore, when a conventional dis- 

30 play panel is used in an especially bright place, external 
light is scattered at the phosphors layer 28 and the non- 
luminescent areas between lines has a whitish color, 
which results in the deterioration of the contrast of the 
display. 

3S [0009] As a method for increasing the contrast for a 
color dispjay PDP, proposed are a method for providing 
a color filter by coating the outer surface of the substrate 
11 on the front with a translucent paint that corresponds 
to the luminous color of a phosphors; a rhethod for ar- 

40 ranging on the front face of a PDP a filter that is fabri- 
cated separately; and a method for coloring a dielectric 
layer 17 with colors R, G and B. 

[0010] It is, however, very difficult to apply coats of 
individually colored paints at locations corresponding to 

45 minute pixels. In case of the separate filter on the Iront, 
a gap between the PDP and the filter causes distortion 
in display images. And in case of the coloring of the di- 
electric layer 17, since the tints of coloring algents (pig- 
ments) differ, uniformity of permittivity is deteriorated by 

so coloring, and a discharge characteristic is rendered un- 
stable. In addition, positioning is also difficult when 
coloring a dielectric layer," just as the coating of colored 
paints . 

[0011] Embodiments of the present invention are thus 
55 intended to increase display contrast while rendering 
unnoticeable non-luminous areas between lines. 
[0012] Embodiments may further provide an optimal 
structure for forming a light shielding film including black 
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pigment in non-luminous areas between display lines, 
and a manufacturing method therefor. 
[001 3] According to a first aspect of the present inven- 
tion, there is provided a surface discharge plasma dis- 
play panel, wherein paired display electrodes extending s . 
along display lines are arranged for each display line on 
the internal surface of a substrate at the front or in the 
rear, and wherein a light shielding film, having a belt 
shape extending along the display line direction, is 
formed on the internal surface or the outer surface of 10 
the front substrate, so as to overlap each area sand- 
wiched between the adjacent display electrodes. 
[0014] The area corresponding to a gap (hereinafter 
referred to as a "reverse slit") between the display elec- 
trodes in adjacent lines on a display screen is a non- 7 $ 
luminous area. The light shielding film is arranged to cor- 
respond with each non-luminous area. Since the plane 
pattern of the individual shielding films is formed in a 
belt shape, a striped shielding pattern is formed for the 
entire display screen. The shielding film blocks visible 20 
lights that may be transmitted through the reverse slits. 
Therefore, the occurrence of a phenomenon where non- 
luminous areas appear bright due to the external light 
and a leaking light from display lines may be prevented 
so that the display contrast is increased. 25 
[001 5] According to a second aspect of the present 
invention, there is provided a surface discharge plasma 
display panel, wherein paired display electrodes are 
formed for each display line on an internal surface of a 
front substrate extending along the display lines, and 30 
phosphor is deposited on the internal surface of a rear 
substrate, and wherein a light-shielding film having a 
darker color than the phosphors with non-luminous con- 
dition and having a belt shape extending the display line 
direction is formed on the internal surface or on the outer 35 
surface of the front substrate, so as to overlap each area 
sandwiched between the adjacent display electrodes. 
[0016] When viewing the display screen from the 
front, the phosphors layer is hidden by the shielding film 
in the non-luminous areas that correspond to the re- 40 
verse slits. 

[0017] According to a third aspect of the present in- 
vention, there is provided a plasma display panel where- 
in display electrodes are covered and separated from a 
discharge space by a dielectric layer, and a light shield- 45 
ing film is located between the front substrate and the 
dielectric layer. 

[001 8] According to a fourth aspect of the present in- 
vention there is provided a plasma display panel where- 
in each display electrode comprises a transparent elec- 50 
trode and a metal electrode, which is narrower than the 
transparent electrode and which overlaps the edge of 
the transparent electrode at a location close to the non- 
luminous area, and wherein a light shielding film is lo- 
cated at the front of the display electrode in the sub- S5 
strade facing direction so as to overlap the metal elec- 
trodes on both sides of the non-luminous area. 
[001 9] Since the shielding film is also provided on the 



front of the metal electrode, the deterioration "of display 
quality due to the reflection of external light from the sur- 
faces of metal electrodes can be reduced, perhaps sig- 
nificantly. 

[0020] According to a fifth aspect of the present inven- 
tion there is provided a method of manufacturing a plas- 
ma display panel wherein the display electrodes and the 
light shielding film are formed on the front substrate, a 
coating of dielectric material is applied to form the die- 
lectric layer, and the resultant structure is annealed. This 
coating and annealing process is performed twice. The 
thickness of the first coating is selected to be smaller 
than the second coating. 

[0021] Since the thickness of the first dielectric coat- 
ing subject to the first annealing is thin, a floating and 
moving of the shielding film through the softening of the 
dielectric material during the first annealing can be min- 
imized so that an unnecessary extending of the shield- 
ing film toward the display electrodes to cover them can 
be avoided. 

[0022] According to a sixth aspect of the present in- 
vention there is provided a method of manufacturing a 
plasma display panel wherein the display electrodes 
and the light shielding film are formed on the front sub- 
strate, a coating of dielectric material is applied to form 
the dielectric layer, and the resuultant structure is an- 
nealed. This coating and annealing process is per- 
formed twice. The first annealing temperature is set so 
that it is lower than the temperature at which the dielec- 
tric material is softened. 

[0023] By setting the annealing temperature lower 
than the softening temperature, the unwanted expan- 
sion of the shielding film to cover the display electrodes 
can be prevented. 

[0024] Further, according to the present invention, the 
above method for manufacturing a plasma display panel 
comprises the steps of: 

depositing a light shielding material on a front sub- 
strate and performing patterning to form a light 
shielding film; 

forming a transparent conductive film on the front 
substrate on which the light shielding film is formed, 
and performing patterning to provide a transparent 
electrode that partially overlaps the light shielding 
film; 

painting a photosensitive material, which is insolu- 
bilized by exposure to light, to cover the light shield- 
ing film and the transparent electrode, exposing the 
photosensitive material as a whole from the reverse 
face of the front substrate and developing the pho- 
. tosensitrve material to form a resist layer between 
the light shielding films; and 

selectively forming a metal electrode on the ex- 
posed portion of the transparent electrode by plat- 
ing it with a metal film. By using this method, self- 
alignment of the light shielding film and the metal 
electrode is performed. 
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[0025] In addition, according to a seventh aspect of 
the present invention there is provided a plasma display 
panel, having a pair of substrates facing each other with 
a discharge space therebetween, wherein paired dis- 
play electrodes, extending along display lines are s 
formed for each display line on an internal surface of 
one of the pair substrates so that a discharge is per- 
formed between the paired display electrodes; and 
wherein a light shielding film having a stripe shape and 
extending along display lines is formed in an area be- io 
tween the display lines and sandwiched between the 
pair diplay electrodes on the internal surface of one of 

the substrates, so that the light shielding film is separat- 
ed from the display electrodes; 

[0026] According to a further embodiment, the light is 
shielding film is formed so as to partially overlap over 
the display electrodes. 

[0027] With an arrangement wherein the display elec- 
trodes are lormed first and thereafter the light shielding 
film is formed, the manufacture of display electrodes us- 20 
ing a high vacuum process, such as sputtering, is more 
easily performed. 

[0028] As a method for manufacturing the device of 
the above arrangement, there is provided a method for 
manufacturing a plasma display panel having a pair of 25 
substrates facing each other with a discharge space 
therebetween, comprising the steps of: 

forming a plurality of pair display electrodes on one 

of the pair substrates to form display lines therebe- 30 

tween; 

forming a film containing a dark pigment on the dis- 
play electrodes on the substrate, and performing 
patterning of the film so that a stripe shaped light 
shielding film, extending along the display lines, is 35 
provided in an area between the display lines and 
sandwiched between the pair display electrodes; 
and 

forming a dielectric paste film on the display elec- 
trodes and the light shielding film, and annealing the 40 
resultant structure at a predetermined temperature. 

[0029] In all cases the contrast of the display under 
bright external conditions is increased by having a light 
shielding film extending in bands in betwen the display *s 
lines within the structure of the plasma display panel. 

Fig. 1 is a perspective view illustrating the basic 
structure of a PDP relating to the present invention; 
Fig. 2 is a cross sectional view of the essential por- so 
tion of the PDP according to the first embodiment; 
Fig. 3 is a plan view of a light shielding film; 
Figs. 4A through 4F are diagrams illustrating a 
method for fabricating the front portion of the PDP; 
Fig. 5 is a cross sectional view of the essential por- ss 
tion of a PDP according to a second embodiment 
of the present invention; 

Fig. 6 is a cross sectional view of the essential por- 
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tion of a PDP according to a third embodiment of 
the present invention: 

Fig. 7 is a cross sectional view of the essential por- 
tion of a PDP according to a fourth embodiment of 
the present invention; 

Fig. 8 js a Cross sectional view of the essential por- 
tion of a PDP according to a fifth embodiment of the 
present invention; 

Figs. 9A through 9E are cross sectional views for 
explaining a method for manufacturing the PDPs of 
the second, the fourth and the fifth embodiments of 
the present invention: 

Figs. 1 0A through 10C are cross sectional views for 
explaining a method for manufacturing the PDPs of 
the second, the fourth arid the fifth embodiments of 
the present invention: 

Fig. 1 1 is a plan view of a PDP wherein a light shield- 
ing film is also formed in a periphery of a display 
area of the panel; 

Fig. 12 is a cross sectional view of a portion taken 
along the line XX-YY in Fig. 11; 
Fig. 1 3 is a cross sectional view of a modification of 
the PDP; and 

Fig. 1 4 is a cross sectional view of the essential por- 
tion of the internal structure of a conventional PDP. 

[0030] Fig. 1 is a perspective view illustrating the ba- 
sic structure of a PDP 1 according to the present inven- 
tion. The same reference numerals as used in Fig. 14 
are also used in Fig. 1 to denote corresponding or iden- 
tical components, regardless of differences in shapes 
and materials. The same can be applied for the following 
drawings. 

[0031] The PDP 1, as well as the conventional PDP 
90, is a surface discharge PDP having a three-electrode 
structure with a matrix display form, that is called a re- 
flection type. The external appearance is derived from 
paired glass substrates 11 and 21 . which face each oth- 
er with an intervening discharge space 30 therebe- 
tween. The glass substrates 11 and 21 are bonded by 
a seal frame layer (not shown) of a glass having a low- 
melting point that is formed along the edges of the facing 
substrate. 

[0032] A pair of linear display electrodes X and Y in 
parallel are arranged for each line L of a matrix display 
on-the internal surface of the front glass substrate 11, 
for the generation of a surface discharge along the sub- 
strate surface. The line pitch is, for example, 660 urn 
[0033] Each of the display electrodes X and Y com- 
prises a wide, linear transparent electrode 41 formed of 
ITO thin film and a narrow, linear bus electrode 42 
formed of metal thin film having a multi-layer structure. 
As specific example sizes, the transparent electrode 41 
is 0. 1 u.m thick and 180 u.m wide, while the bus electrode 
42 is 1 u.m thick and 60 u.m wide. 
[0034] The bus electrode 42 is an auxiliary electrode 
for acquiring appropriate conductivity, and is located at 
the edge of the transparent electrode 41 away from a 
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- surface discharge gap. 

[0035] For the PDP 1, a dielectric layer tor (example 
PbO low-melting-point glass layer) 17 for AC driving is 
formed to cover the display electrodes X and Y and sep- 
arate them from the discharge space 30. A protective 
film 1 8 made of MgO (magnesium oxide) for example is 
deposited on the surface of the dielectric layer 17 by 
evaporation. The thickness of the dielectric layer 17 is 
about 30 urn and the thickness of the protective film 18 
is approximately 5000 A for example. 
[0036] The internal surface of the rear glass substrate 

21 is coated with an underlayer 22 of approximately 10 
u.m, which is ZnO low-melting-point glass for example. 
Address electrodes A are arranged on the underlayer 

22 at constant pitches (for example 220 u.m), so that they 
intersect the paired display electrodes X and Y at a right 
angle. The address electrode A is produced by anneal- 
ing silver paste for example, and its thickness is about 
10 urn The underlayer 22 prevents electromigration of 
the address electrodes A. 

[0037] The condition of wall electric charge accumu- 
lation on the dielectric layer 17 is controlled by a dis- 
charge between the address electrodes A and the dis- 
play electrodes Y. The address electrodes are also cov- 
ered with a dielectric layer 24 that is formed of low-melt- 
ing-point glass with the same composition for example 
as that of the underlayer 22. The dielectric layer 24 at 
the upper portions of the address electrodes A is about 
10 u.m thick for example. 

[0038] On the dielectric layer 24, a plurality of barrier 
- - 'ribs-29, which are about 150 jam high and linear in a plan 
view, are individually arranged between the address 
electrodes A. 

[0039] Then, phosphors layers 28R, 28B and 28C 
(hereinafter referred to as the "phosphors layers 28," 
when distinguishing between colors is not especially re- 
quired), for the three primary colors R (red), G (green) 
and B (blue) of a full-color display, are formed so as to 
cover the surface of the dielectric layer 24, including the 
upper portions of the address electrodes A, and the 
sides of the barrier ribs 29. These phosphors layers 28 
emit light when they are excited by the ultraviolet rays 
produced by the surface discharge. 
[0040] The discharge space 30 is defined by the bar- 
rier ribs 29 for the units of light emitting areas along the 
lines (along the arrangement of pixels running parallel 
with the display electrodes X and Y), and the size of a 
gap between the discharge space 30 is also defined. In 
the PDP 1 , there are no barrier ribs for defining the dis- 
charge space 30 along the columns for a matrix display 
(along the arrangement direction of the paired display 
electrodes X and Y or the address lines direction). How- 
ever, since the size of a gap (the width of a reverse slit) 
for display lines L, along which the paired display elec- 
trodes X and Y are arranged, is set to from 100 to 400 
ujti, sufficiently large compared with the size of a surface 
discharge gap (the width of a discharge slit) of 50 \im 
for each display line L, the interference of a discharge 



does not occur between the lines L. 
[0041] A display pixel of the PDP 1 comprises three 
unit iight emitting areas (sub-pixels) adjacent each other 
in each line L The luminous colors for all the lines L in 

s the same column are the same, and the phosphors lay- 
ers 28R, 28B and 28C are so provided by screen printing 
that they are continuously arranged in each column 
along the address electrode. For this, screen printing 
provides excellent productivity Compared with an ar- 

10 rangement wherein the phosphors is divided for each 
line L, the arrangement of the continuous phosphors lay- 
ers 28 along a column can easily provide the uniform 
thickness of the phosphors layers 28 for the sub-pixels. 
[0042] Fig. 2 is a cross sectional view of the essential 

is portion of the PDP 1 , and Fig. 3 is a plan view of a light 
shielding film 45. As is shown in Fig. 2, a light shielding 
film 45 for blocking (shielding) a visible light is formed 
for each reverse slit S2, so that the film 45 directly con- 
tacts the internal surface of the glass substrate 11. As 

20 is shown in Fig. 3, the shielding films 45 are formed in 
patterns of belts or strips that extend along the display 
lines, and are located to overlap the areas sandwiched 
between the display electrodes X and Y of the adjacent 
lines L. The light shielding films 45 separated from each 

2S other constitute a striped shielding pattern for an entire 
display screen, so that the phosphors layers 28 are hid- 
den between the display lines L and the contrast for a 
display is increased. Since the striped pattern along the 
display line L does not shift along the display lines L , 

30 unlike a matrix pattern surrounding the sub-pixels or pix- 
els, it-is easy to align and position the glass substrates 
11 and 21 during the manufacturing of the PDP 1. 
[0043] It is preferable that the top portions of the bar- 
rier ribs 29 have the same dark color as that of the light 

35 shielding films. A dark lattice pattern is formed by inter- 
secting the barrier ribs and the light shielding films, and 
the outline of each sub-pixel becomes clear. More spe- 
cifically, a black color agent, such as chromium (Cr), is 
mixed with the material for the barrier ribs to provide uni- 

40 formly dark barrier ribs. 

[0044] Figs. 4A through 4Fare diagrams illustrating a 
method for manufacturing the front side portion of the 
PDP 1. The PDP 1 is produced by providing predeter- 
mined components independently for the glass sub- 

45 strate 11 and the glass substrate 21, and by thereafter 
bonding together the glass substrates 11 and 21 around 
their circumferences while they are positioned facing 
each other. 

[0045] For fabrication of the front portion, first, a dark 
so colored insulating material is deposited on the surface 
of the glass substrate 11 by sputtering to form an insu- 
lation film (not shown) having a surface reflectivity lower 
than that of. the metal electrode 42. Chromium oxide 
(CrO) or silicon oxide can be used as the insulation ma- 
55 terial. It is desirable that the thickness of the insulation 
film be 1 u,m or less in order to reduce the step difference 
to the transparent electrodes 41 . Then, patterning is per- 
formed to the insulation film by photolithography using 
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a first light exposing mask, and a plurality of the light 
shielding film stripes 45 described above are produced 
at one time (Fig. 4A). 

[0046] Sequentially, an ITO film is deposited on the 
glass substrate 11 , whereon the light shielding films 45 
are formed, and patterning of the ITO film is performed 
by photolithography using a second light exposing 
mask. Transparent electrodes 41 are thus formed so 
that they partially overlap the light shielding films 45 
(Fig. 4B). 

[0047] A negative photosensitive material 61 , which 
is irreversibly solidified by exposure to ultraviolet rays, 
is coated on the resultant structure so that it covers the 
light shielding films 45 and the transparent electrodes 
41. The photosensitive material is fully exposed to the 
light 1rom the reverse side of the glass substrate 11 (Fig. 
4C). Then, the photosensitive material 61 is developed 
and forms a resist layer 62 which covers only an area 
between the light shielding films 45 (Fig. 4D). 
[0048] Following this, the metal electrodes 42, having 
a multiple layer structure of, for example, nickel/copper/ 
nickel, are lormed on the exposed portions of the trans- 
parent electrodes 41 by selective plating (Fig. 4E). 
[0049] The resist layer 62 is removed, and the dielec- 
tric layer 17 and the protective film 18 are deposited in 
order. The front portion of the PDP 1 is thus produced 
(Fig. 4F). 

[0050] In the above described process, the number of 
required light exposing masks is two (Figs. 4A and 4B), 
the same as is required by the fabrication process for 
the conventional PDP 90, and the number of alignment 
procedures for the exposing masks is one, also the 
same as in the conventional process. In other words, 
according to the fabrication method in Fig. 4, the light 
shielding films 45 can be formed without deterioration 
of a yield due to a shift in alignment. 
[0051] Fig. 5 is a cross sectional view of the essential 
portion of a PDP 2 according to a second embodiment 
of the present invention, i.e., showing the front portion 
of a discharge space. In the PDP 2, light shielding films 
46 having the same width as the reverse slit S2 are pro- 
vided on the internal surface of a front glass substrate 
11. As well as the light shielding films 45 in Fig. 3, the 
light shielding films 46 are extended in a belt shape 
along the display line in a plan view, and constitute a 
striped light shielding pattern. 

[0052] For fabrication of the PDP 2, paired display 
electrodes X and Y are formed on the glass substrate 
11. And a black pigment, such as iron oxide or cobalt 
oxide, that has a heat resistance of 600°C or higher is 
printed on the reverse slit area S2 to form the light 
shielding films 46. Low-melting-point glass is coated 
and annealed at 500 to 600°C to produce the dielectric 
layer 17. 

[0053] It is preferable that the thickness of the light 
shielding films 46 be less than the thickness of the indi- 
vidual display electrodes soas to acquire the flat surface 
of the dielectric layer 17. Further it is desirable that the 



dielectric layer 17 be formed in two layers, and that an- 
nealing be performed for each layer. More specifically, 
a comparatively thin coat of low-melting-point glass 
paste is applied to the substrate and the glass paste is 

5 annealed to form a lower dielectric layer 17a. Then, an- 
other coat of the low-melting-point glass paste is applied 
to acquire a dielectric layer 1 7 having the required thick- 
ness, and the glass paste is annealed to produce an up- 
. per dielectric layer 17b. Since the lower dielectric layer 

io t7a, which contacts the light shielding layers 46, is 
formed thin, the migration of a black pigment caused 
through the softening of the low-melting-point glass dur- 
ing the annealing, can be reduced, and the reduction in 
luminance due to the unwanted expansion of the light 

is shielding films 46 can be prevented. When the thickness 
of the lower dielectric layer 17a is so set that it is one 
tenth of or less than the width ot the light shielding films 
46, the migration of the pigment does not substantially 
appear. 

20 [0054] It should be noted that the unwanted expan- 
sion of the light shielding films 46 can also be prevented 
by setting the temperature for annealing the lower die- 
lectric layer 17a to a temperature that is lower than that 
for softening the low-melting-point glass. In this case, 

25 the lower dielectric layer 17a and the upper dielectric 
layer 1 7b can be formed with the same thickness, or the 
Upper dielectric layer 17b can be formed thinner than 
the lower dielectric layer 17a. 

[0055] Fig. 6 is a cross sectional view of the essential 
30 portion of a PDP 3 according to a third embodiment of 
the present invention, and shows the structure" of the 
front side portion of the discharge space. In the PDP 3, 
a light shielding film 47 is provided for each reverse slit 
S2! in an intermediate portion in the direction of the thick- 
35 ness of a dielectric layer 17. The light shielding film 47, 
as well as the light shielding films 45 in Fig. 3, are ex- 
tended in a belt shape along the display line in a plan 
view, and constitute a striped light shielding pattern. 
[0056] A width w47 of the light shielding film 47 is 
^o greater than a width w2 of the reverse slit S2, and is 
smaller than the interval w22 between the edges, which 
are closer to the discharge slit "SI, of the metal elec- 
trodes 42 sandwiching the reverse slit S2. In other 
words, the plane size of the light shield film 47 is so se- 
45 lected that it partially overlaps the metal electrodes 42. 
With this structure, the light shielding film 47 can be easr 
ily positioned so that it fully overlaps the reverse slit S2 
and does not overlap the light transmitting portion 41 in 
the display line. It is also important that the light shield- 
50 jng film 47 is apart from the electrodes 41 ,42. 

[0057] Fig. 7 is a cross sectional view of the essential 
portions of a PDP 4 according to a fourth embodiment 
of the present invention. The light shielding films 45 
shown in Fig. 2 are formed between the X and Y elec- 
ts trodes 41 and 42 and the front glass substrate 10. In the 
PDP 4 shown in Fig. 7, light shielding films 49 are formed 
inside the reverse slit S2 areas between the X and Y 
electrodes 41 arid 42 so that they partially overlap the 



6 



11 



EP 1 041 600 A1 



12 



X and Y electrodes 41 and 42. This structure is similar 
to that in Fig. 2 because the light shielding films 49 are 
so formed that they completely hide the reverse slit S2 
areas between the display lines L However, the manu- 
facturing process for this structure differs from that in 
Fig. 2 in that the light shielding films 49 containing a 
black pigment are formed after the X and Y electrodes 

41 and 42 are provided. This manufacturing process will 
be described later in detail. 

[0058] In the structure of the PDP 4 shown in Fig. 7, 
it is important for the light shielding films 49 to overlap 
the electrodes X and Y up to around the middle portions 
of the bus electrodes 42, which constitute a three-layer 
structure of Cr/Cu/Cr. In other words, while the bus elec- 
trodes 42 provide a higher conductivity for a highly re- 
sistant material for the transparent electrodes 41 , the 
electrodes 42 themselves possess light shielding prop- 
erty. When the light shielding films 49 are so formed that 
they overlap the bus electrodes 42, the portions, except 
for the display line areas L, are. completely shielded. 
[0059] Fig. 8 is a cross sectional view of the essential 
portion of a PDP 5 according to a fifth embodiment of 
the present invention. In the PDP 5, light shielding films 
48 are formed between X and Y electrodes 41 and 42 
at a certain interval and without making contact with 
them. When the distance of the non-display areas be- 
tween the X and Y electrodes 41 and 42 is 500 ujti (using 
as an example a 42-inch PDP), the light shielding film 
48 is formed at an interval of about 20 pm from the elec- 
trodes 41 and 42. This structure is preferable from the 
view of the manufacturing-process for it, even though 
the gap between the display line areas L is not com- 
pletely closed. More specifically, as well as with the PDP 
4 in Fig. 7, the light shielding films 48 can be formed 
after the X and Y electrodes 41 and 42 are provided. 
Moreover, the annealing of the light shielding films 48 
can be performed in conjunction with the annealing 
process for the dielectric layer 17, made of a low-melt- 
ing-point glass, that is formed on them. Since the light 
shielding films 48 do not contact the electrodes 41 and 

42 in the annealing process at a high temperature, a sta- 
ble process can be accomplished. This will be described 
later in detail. 

[0060] In the structure of the PDP 5 in Fig. 8, since 
the width of the light shielding films 48 is considerably 
smaller than the non-display area W22, there is suffi- 
cient space so that when the alignment (positioning) of 
the light shielding films 48 is performed, the films 48 can 
be easily formed not to overlap the display line areas L. 
[0061] Figs. 9A through 9E and 1 0A through 10Care 
cross sectional views for explaining a method for re- 
spectively fabricating the PDPs of the second, fourth, 
and fifth embodiments, shown in Figs. 5, 7 and 8. 
[0062] As is shown in Fig. 9A, after a silicon oxide film 
(not shown), for example, is formed as a passivation film 
on a glass substrate 11, a transparent electrode layer 
41 is formed across the entire surface by sputtering. The 
transparent electrode layer 41 is formed with a thickness 



of approximately 0.1 |_im by using ITO. Then, in the com- 
mon lithography procedure, the transparent electrode 
layer 41 is formed in a striped pattern to provide X and 
Y electrodes 41 having. a width of about 180 pm. 

s [0063] Sequentially, as is shown in Fig. 9B, a metal 
layer 42 having a three-layer structure of Cr/Cu/Cr is 
formed as a bus electrode layer of about 1 pm on the 
entire surface by sputtering. The common lithography 
procedure is performed to pattern the metal layer 42 to 

io approximately 60 urn. As is previously described, the 
bus electrode 42 is so formed that it is positioned at the 
end of the side opposite to the side of the electrode 41 
faces' each other closely. 

[0064] For the formation of the X and Y electrodes 41 
15 and 42 : sputtering is performed on the glass substrate 
11 alter it is placed in a high vacuum chamber. Since a 
light shielding film containing a black pigment, etc., is 
not formed on the glass substrate 11 , the sputtering un- 
der a high vacuum can be stably performed. 
20 [0065] Then, as is shown in Fig. 9C, a photoresist lay- 
er 71 containing a black pigment is formed by screen 
printing. The black pigment is oxide of manganese (Mn), 
iron (Fe), or Copper (Cu), for example. Such a pigment 
is mixed in a photoresist including photosensitive mate- 
25 rial. For example, a pigment dispersion photoresist 
(product name: CFPR BK) of Tokyo Ohka Kogyo Co., 
Ltd. is used. 

[0066] Following this, as is shown in Fig. 9D, the re- 
sultant structure is exposed to light through a predeter- 

30 mined mask pattern, and developed. Then, baking (dry- 
ing) is performed on the structure for two to five minutes 
in a dry atmosphere at 1 20°C to 200°C, for example, to 
form the light shielding films 49. In the example shown 
in Fig. 9D : as for the PDP 4 shown in Fig. 7, the light 

35 shielding films 49 is patterned to overlap the X and Y 
electrodes 41 and 42. 

[0067] When a different mask pattern is used, the light 
shielding films 48 can be formed separately from the X 
and Y electrodes 41 and 42, as is shown in Fig. 9E. This 

40 structure corresponds to that of the PDP 5 shown in Fig. 
8. Similarly, the light shielding films 46 can be formed 
as are shown for the structure in Fig. 5. 
[0068] As is described above, a photosensitive resist 
of a polymer organic material is used for the light shield- 

45 ing films 49 and 48. If, prior to the formation of the elec- 
trodes 41 the light shielding films are formed and an- 
nealed for stability, the contact of the electrodes 41 may 
be deteriorated due to an uneven surface of the film. 
From this point of view, the process in Fig. 9 is an effec- 

50 tive one. 

[0069] Figs. 10A through 10C are cross sectional 
views of a method for forming a dielectric layer 1 7 and 
a MgO protection layer 18 on light shielding films. An 
explanation will be given for this example by employing 
55 the light shielding films 48, shown in Figs. 8 and 9E, that 
are formed separately from the electrodes 41 and 42. 
[0070] In the fabrication process for the dielectric lay- 
er 17 shown in Fig. 10, annealing of the light shielding 
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films 48. is also performed together with the procedure 
for annealing the dielectric layer 17. For the formation 
of the dielectric layer 17. a low-melting-point glass paste 
containing lead oxide (PbO) as the main element is 
printed on the surface of the substrate, and is then an- 
nealed. This process involves at least two procedures: 
the printing and the annealing of the lower dielectric lay- 
er 17a and the upper dielectric layer 17b. Specifically, 
as a material for the lower dielectric layer 17a, a com- 
position is selected for which the viscosity is not de- 
creased in the annealing atmosphere and which does 
not easily react with the ITO of the transparent elec- 
trodes 41 and the copper (Cu) of the bus electrodes 42. 
Such a composition material is, for example, a glass 
paste that comprises Pb6/Si0 2 /B 2 0 3 /ZnO, and that 
contains a comparatively large amount of Si0 2 . 
[0071 ] As a material for the upper dielectric layer 1 7b, 
a composition is selected tor which the viscosity is ad- 
equately decreased in the annealing atmosphere and 
the surface is flattened. As such a composition material, 
a glass paste which comprises PbO/SiOg/BgOyZnO 
and contains a comparatively small amount of Si6 2 is 
selected. 

[0072] As is shown in Fig. 10A, the surface of the 
glass substrate 11 is printed by a glass paste, which 
comprises PbO/SiO^^Og/ZnO and contains a com- 
paratively large amount of Si0 2 . The substrate 1 1 is then 
annealed for about 60 minutes in a dry atmosphere at 
580° C to 590°C. The viscosity of the glass paste is not 
much decreased at the annealing temperature, and the 
paste does not easily "react with the ITO of the transpar- 
ent electrodes 41 and the copper (Cu) of the bus elec- 
trodes 42. Further, the glass paste is annealed at the 
same time as the light shielding films 48. Therefore, a 
savings in the time and labor required for the annealing 
process can be realized, as compared with the example 
wherein the light shielding films 48 are formed prior to 
the electrodes 41 and 42. 

[0073] Next, as is shown in Fig. 10B, the upper die- 
lectric layer 17b is formed. In the same manner as for 
the lower dielectric layer 17a, the substrate is printed by 
using a glass paste and is annealed for about 60 min- 
utes in a dry atmosphere at 580° C to 590°C. The pref- 
erable glass paste is one that comprises PbO/SiOg/ 
B 2 0 3 /ZnO and contains a comparatively small amount 
of Si0 2 , as is described above. As a result, the dielectric 
layer 17 having a flat surface is formed. 
[0074] Finally, a thick layer of low-melting-point glass 
film for sealing is formed around the edges of the glass 
substrate 11 (not shown), and then, as is shown in Fig. 
10C, the MgO film 18 is formed as a protective film by 
evaporation. 

[0075] Although the light shielding films 48 are formed 
separately from the electrodes 41 and 42 in the process 
shown in Fig. 10, as previously described, the light 
shielding films may contact the electrodes 41 as in the 
PDPs 2 and 4 shown in Figs. 5 and 7. Though the reason 
is still not well understood, when a substrate on which 



light shielding films are in contact with electrodes 41 and 
42 is placed in an annealing atmosphere at a tempera- 
ture close to 600°C. the light shielding films may be 
turned brown., and to prevent this, it may be effective tor 
s the light shielding films to be separated from the elec- 
trodes 41 and 42 in the same manner as for the light 
shielding films 48. The separation interval in this case 
is called a color change prevention gap for convenience 
sake. 

10 [0076] Fig. 11 is a plan view of a PDP wherein light 
shielding films 48 are formed in the periphery outside a 
display area of the panel. Fig. 12 is a cross sectional 
view of the portion taken along the line XX- YY in Fig. 
11. As is described above, the contrast of a display is 

15 increased by forming light shielding films 48 between 
the X and Y electrodes in the areas between the display 
lines LI, L2 and L3. In Fig. 11, the light shielding films 
48 are also formed in a peripheral area. 
[0077] In the PDP, to prevent an occurrence of acci- 

20 dental discharge, dummy X and Y electrodes DX and 
DY, are formed at the peripheral portions of paired X and 
Y electrodes X1, Y1, X2, Y2, X3 and Y3, which com- 
monly serve as display electrodes. Wall charges not re- 
quired for display are prevented from being accumulat- 
es ed by frequently performing discharges between the 
dummy electrodes DX and DY also. The discharges per- 
formed in the peripheral area and the exposure of the 
phosphors layer cause contrast in a display area to be 
deteriorated. Therefore, as is shown in Fig. 11 , the light 

30 shielding films 48 are formed on the dummy electrodes 
DX and DY (indicated as Dummy in Fig. 11), and on a 
peripheral area PE where leads 42R of bus electrodes 
42 are formed. The EX described by the chain lines is 
a display screen frame on the surface of the panel, and 

3S a sealing member 50 is formed at a position on the frame 
EX to seal the glass substrates. In the cross sectional 
view in Fig. 1 2, the front glass substrate 11 and the seal- 
ing member 50 formed on the MgO film 18 are shown, 
while a rear glass substrate is omitted. 

40 [0078] The leads 42R of the bus electrodes 42 are 
connected to an external controller via a flexible cable 
(not shown). Therefore, the two glass substrates are 
sealed together by the sealing member 50 at the portion 
. of the leads 42R of the bus electrodes 42. 

45 

[Material for light shielding film] 

[0079] An explanation has been given for the process 
for forming the dielectric layer 17 on the light shielding 

so films 48 and annealing them at about 600°C, as is 
shown in Figs. 10A through 10C. If the display elec- 
trodes and the light shielding films are in contact with 
each other, the black color of the light shielding films 48 
may be changed. Although the reason is not well under- 

55 stood, it seems that the display electrodes and the light 
shielding films that are in contact with each other tend 
to be ionized during the annealing process, and the low- 
meltingrpoint glass paste absorbs oxygen from the ox- 
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ides of Mn, Fe and Cu, which are contained in the black 
pigment, and the oxides are reduced. Thus, an effective 
means to prevent the color change is for an oxide agent 
actively discharging oxygen to be mixed in the photo- 
sensitive resist 71 containing the black pigment, which 
is formed into the light shielding films. 
[0080] The specif ic oxide agents that were used in this 
manner are NaN0 3 , Ba0 2 , etc. And as a result, it was 
confirmed that no color change occurred, even when the 
annealing process was completed. 
[0081] The light shielding films can increase the con- 
trast for a display in the PDP by not leaking light to the 
exterior from inside the PDP. However, because of the 
black color, external light is regularly reflected from the 
phase boundary between the light shielding films 48 and 
the glass substrate 11 , and as a mirror image due to this 
regular reflection appears, it is sometimes difficult to 
look at the display screen. Even in the conventional 
structure in which light shielding films are not formed, 
the regular reflection between the paired display elec- 
trodes occurs on the surface of the address electrodes 
at the back substrate. To prevent the regular reflection 
from occurring at the phase boundary between the light 
shielding films 48 and the glass substrate 11, a low-melt- 
ing-point glass powder is mixed in the material for the 
light shielding films. 

[0082] The low-melting-point glass powder is the 
same material as the dielectric layer 17, for example, 
and is contained about 50% in the organic photosensi- 
tive resist 71. The organic photosensitive resist 71, 
therefore, contains a black pigment and low-melting--- 
point glass powder. Although, as in conventional man- 
ner, the regular reflection of externa! light occurs on the 
outer surface of the front glass substrate 1 1 , the refrac- 
tive index of the light shielding film 48 is close to that of 
the glass substrate 11 at their phase boundary, and ac- 
cordingly, the reflectivity is reduced to about half. Fur- 
ther, light is absorbed by the black pigment contained in 
the light shielding films 48, and accordingly, reflected 
light is also reduced. Therefore, the regular reflection at 
the display screen is reduced as a whole, and the un- 
clear display due to mirror imaging is improved. 
[0083] When low-melting-point glass was not mixed 
in the light shielding films 48, the regular refractive index 
was approximately 8% (4% at the glass outer surface 
and 4% at the phase boundary). When low-melting- 
point glass powder was mixed into the light shielding 
films 48, regular refractive index was reduced to about 
6% (4% at the glass outer surface and 2% at the phase 
boundary). 

[0084] As is described above, the light shielding films 
are formed to increase the contrast for a display screen. 
For this formation, an oxide agent is mixed in the organic 
photosensitive resist 71 to prevent a color change from 
occurring during the annealing process, and the low- 
melting-point glass is mixed in to prevent regular reflec- 
tion. 

[0085] As a method for preventing the change in the 



color of the light shielding films, proposed is a method 
wherein the display electrodes are-coated with a thin in- 
sulation film, such as Si0 2 film, to keep the light shield- 
ing films from contacting the display electrodes. 
[0086] Fig. 1 3 is a cross sectional view of a modifica- 
tion of the PDP, showing a front glass substrate 11 and 
a rear glass substrate 12. In this modification, as light 
shielding films 48, light shielding films 48A are formed 
on the outer surface of the front substrate 1 1 in the areas 
between the display lines L; light shielding films 48B are 
formed inside a dielectric layer 17; and light shielding 
films 48C are formed above a phosphors film 24 on the 
rear glass substrate 21 . 

[0087] Regardless of the locations at which the light 
shielding films 48 are formed, light from the phosphors 
film 24 can be prevented from leaking out to the front. 
[0088] Although the reflection PDPs 1 through 5 are 
employed for the above explanation, the present inven- 
tion can also.be applied for a transmission PDP in which 
a phosphors layer 28 is formed on a front glass substrate 
1 1 . And light shielding films may be formed on the outer 
surface of the glass substrate 11. It should be noted that 
in this case, an alignment process between the glass 
substrates is required. 

[0089] According to embodiments of the present in- 
vention, non-luminous areas between display lines can 
be shielded so they are not noticeable, and the contrast 
for a display can be increased. 

[0090] According to these embodiments, reflection of 
external light at the surface of a phosphors layer can be 

prevented to varying extents, and a display having high — 

contrast can be provided. 

[0091] According to these embodiments, reflection of 
external light can be prevented not oniy at the area be- 
tween the display line but also at the surface of a metal 
electrode, and a display having high contrast can be 
achieved. 

[0092] According to these embodiments, expansion 
of light shielding films may be prevented in the process 
for forming a dielectric layer, and reduction of luminance 
can be prevented. 

[0093] According to the above embodiments, since 
light shielding films can be formed without increasing the 
number of mask alignment processes for patterning, a 
high yield can be maintained and the contrast for a dis- 
play can be increased. 

[0094] According to the above embodiments, after 
display electrodes are formed, light shielding films and 
a dielectric layer can be formed and annealed together, 
and a comparatively stable process can be performed. 

. Claims 

55 1. a method for manufacturing a surface discharge 
plasma display panel having paired front and rear 
substrates and a discharge space therebetween, a 
plurality of paired display electrodes extending 
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along each of a plurality of display lines which are 
formed on the internal surface of the front substrate, 
and phosphors provided on the internal surface of 
the rear substrate, the method comprising steps ol: 

5 

forming the display electrodes on the internal 
surface of the front substrate; 
* forming a light shielding film in bands extending 
* along the display line direction and having a 
darker color than the phosphors, on the interna! to 
surface of the front substrate so as to overlap 
each area between the adjacent display lines 
and which bands are located between the dis- 
play electrodes; 

coating a dielectric layer having a first thickness * 5 
on the internal surface of the front substrate to 
cover the display electrodes and the light 
shielding film and annealing the dielectric layer; 
and 

coating a further dielectric layer having a sec- 20 
ond thickness larger than the first thickness on 
said dielectric layer and annealing the further 
dielectric layer. 

A method for manufacturing a surface discharge zs 
plasma display panel, having paired front and rear 
substrates with a discharge space therebetween, a 
plurality of paired display electrodes extending 
along each one of a plurality of display lines which 
are formed on the internal surface of the front sub- 30 
strate, and phosphors provided on the internal sur- 
face of the rear substrate, the method comprising 
the steps of: 

forming the display electrodes on the internal 35 
surface of the Iront substrate; 
forming a light shielding film in bands extending 
along the display line direction and having a 
darker color than the phosphors, on the internal 
surface of the front substrate so as to overlap 40 
each area between the adjacent display lines 
and which are located between the display 
electrodes; 

coating a dielectric layer on the internal surface 
of the front substrate to cover the display elec- 45 
trodes and the light shielding film and annealing 
the dielectric layer at a temperature lower than 
the softening temperature of the dielectric lay- 
er; and 

coating a second dielectric layer on said dielec- so 
trie layer and annealing the second dielectric 
layer. 

A method for manufacturing a surface discharge 
plasma display panel, having paired front and rear ss 
substrates with a discharge space therebetween, a 
plurality of paired display electrodes extending 
along each one of a plurality of display lines and 



formed on the internal surface of the front substrate, 
and phosphors provided on the internal surface of 
the rear substrate, the method comprising steps of: 

forming a light shielding film in bands extending 
along the display line direction and having a 
darker color than the phosphors, on the interna I 
surface of the front substrate so as to overlap 
each area between the adjacent display lines 
and which are located between the display 
electrodes; 

forming a transparent conductive layer on the 
internal surface of the front substrate and pat- 
terning the transparent conductive layer toform 
a transparent electrode partially overlapping 
the light shielding film; 

coating a photosensitive material, which is in- 
solubilized by exposure, to cover the light 
shielding film and the transparent electrode, 
exposing the photosensitive material to light 
from the outer side of the front substrate, and 
developing the photosensitive material to form 
a resist layer between the stripes of the light 
shielding film; and 

selectively forming a metal electrode on the ex- 
posed portion of the transparent electrode by 
plating. 

4. A method for manufacturing a plasma display pan- 
el, having a pair of substrates with a discharge 
space therebetween and a plurality of paired dis- 
play electrodes extending along each of a plurality 
of display lines and which are formed on the internal 
surface of one of the substrates, a discharge being 
caused between the paired display electrodes, the 
method comprising the steps of: 

forming the paired display electrodes on one of 
the substrates; 

forming a film including a dark pigment on the 
display electrodes and on the one substrate, 
patterning the film to form a light shielding film 
extending in bands along the display line direc- 
tion, the bands overlaying each gap between 
adjacent display lines and being located be- 
tween the display electrodes; and 
forming a dielectric paste layer over the display 
electrodes and the light shielding film and an- 
nealing the dielectric material layer at a prede- 
termined temperature. 

5. The method for manufacturing a plasma display 
panel according to claim 4, wherein 

said film including the dark pigment is made 
of a photosensitive material, and the said film and 
the dielectric paste layer are annealed at the same 
time. 
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A method for manufacturing a plasma display panel 
of claim 4 or 5, wherein 

the said dark pigment including film further in- 
cludes an oxidizing agent. 

A method for manutacturing a plasma display panel 
of claim 4, 5 or 6, wherein 

said step of forming and annealing the dielec- 
tric paste includes: 



10 



a step of forming and annealing a first dielectric 
paste having a first viscosity at an anneal tem- 
perature and 

a step of forming and annealing a second die- 
lectric paste having a second viscosity lower *5 
than the first viscosity at the anneal tempera- 
ture. 
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FIG: 1 

BASIC STRICTURE OF PDP 
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FIG.2 
FIRST EMBODIMENT 




FIG. 3 

PLAN VIEW OF LIGHT SHIELDING FILM 
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FIG. 7 

FOURTH EMBODIOT 
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FIG. 8 



FIFTH EMBODIMENT 
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FIG.9 



FABRICAT ION OF TVE FRONT SUBSTRATE 
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FABRICATION OF TT£ FRONT SUBSTRATE 



Fia 10A 





WSnnOlD: <EP lOd-ifionAi r ^ 




BNSDOCID: <E P . 1Q416O0A1 I > 



EP 1 041 S00 A1 




20 



EP 1 041 600 A1 



FIG. 13 

MODIFICATION 
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FIG. 14 
PRIOR ART PDP 
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